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Preface
The present issue of the Journal of Computational and Applied Mathematics is a sample of
results and problems that have been worked on during the last &ve years by several research groups
participating in the Scienti&c Research Network (SRN) Advanced Numerical Techniques for Mathe-
matical Modeling. This SRN was funded by the Fund for Scienti&c Research — Flanders (Belgium)
(FWO-Vlaanderen) for the period 1996 – 2000, with the aim of strengthening national and interna-
tional cooperation on a postdoctoral level.
The SRN consists of 14 groups, among which are most of the Flemish groups active in the
development or the application of numerical methods together with several external groups from
inside and outside Belgium.
The numerical techniques for the modeling of complex systems are of course very wide and
diverse. The collaborating groups have been working on numerical methods for the time-integration
of di7erential equations and the interaction with linear algebra and also on the interaction between
analysis, numerical methods, and applications. Thus interdisciplinarity is a key word in the network,
and this explains the diverse collection of papers in this issue.
There are three papers dealing with the numerical evaluation of integrals. A. Bultheel, L. Daruis,
and P. Gonz<alez-Vera give a relation between Gauss and related quadrature formulas on an inter-
val and Szego˝ quadrature formulas on the complex unit circle. R. Cools and K.J. Kim construct
cubature formulas over the n-dimensional unit cube that are invariant under orientation preserving
transformations. The paper by P. Verlinden combines wavelets and Monte Carlo techniques to come
to an e?cient procedure for the evaluation of functionals of Brownian motion. Such type of inte-
grals appear in mathematical &nance, a new challenge for statisticians, applied mathematicians and
numerical analysts.
Also bio-informatics and data mining are important new research domains. The paper by B. De
Baets, H. De Meyer, and H. Naessens give some initial results on similarity measures on fuzzy sets.
These are used to introduce some distance-like notion for a much wider class of sets. This notion
is known under many di7erent names like proximity, resemblance, etc.
Although linear algebra is used in many of the papers, there is one paper dealing explicitly with a
numerical linear algebra problem. N. Mastronardi, D. Kressner, V. Sima, S. Van Hu7el and P. Van
Dooren consider in their contribution a particular structured problem in linear algebra that arises in
subspace indenti&cation methods for linear systems. The Schur algorithm is used to derive a fast
and stable way to obtain the R-factor in a QR factorization of a Hankel matrix.
The remaining papers are all dealing with the solution of di7erential equations. First-order ordinary
di7erential equations are considered in the papers by L. Gr. Ixaru, M. Rizea, G, Vanden Berghe, and
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H. De Meyer. They compute weights of linear multistep methods thereby admitting nonequidistant
meshes and weights determined by exponentials. They also give an error analysis. G. Vanden Berghe,
L. Gr. Ixaru, and H. De Meyer construct an exponentially &tted &fth-order Runge–Kutta method for
&rst-order initial value problems. A superconvergent scheme for nonlinear two-point second-order
boundary value problems, based on mono-implicit Ruge–Kutta–NistrHom methods is presented by
T. Van Hecke and B. Van Daele.
The paper by W. Michiels and D. Roose deals with the sensitivity of solutions to perturbations
in variable structure systems. In such systems, the behavior switches between several con&gurations,
each modeled by an ODE system. The application of this sensitivity formula in shooting methods
for computing solutions is discussed.
A nonstandard elliptic eigenvalue problem on a rectangular domain consisting of two overlapping
rectangles is the subject of the paper by H. De Schepper. Finite element techniques are used for the
solution. The main di?culty lies in the nonlocal coupling conditions. A variational formulation of
the problem is introduced so that known techniques are applicable.
P. De Groen and G.E. Karadzhov deal with the metastability of Burgers’ equation. The present
paper extends their previous results by allowing that the advective Kux function has multiple zeros.
In the paper by J.G. Verwer and B.P. Sommeijer numerical problems in a new application &eld
are considered. Modeling of neuronal connections in the nervous system requires the solution of
parabolic PDEs coupled with gradient equations. Since this problem setting is relatively new, an
introduction to possible solution methods is given, and several suggestions for further research are
made.
This mixture of papers will make it clear that there are many new challenges for numerical
and applied mathematics. Not only are new or more complex problems emerging, but even the
existing problems require faster, more accurate and stable computations. This volume also shows
that numerical methods cannot evolve without the necessary theoretical background, and that applied
and theoretical mathematics will always go hand in hand with numerical analysis.
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